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Adrenal response in very low birthweight babies after
dexamethasone treatment for bronchopulmonary
dysplasia
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SUMMARY The tetracosactrin stimulation test was used to assess the adrenal responsiveness of
22 very low birthweight babies who had received a three week course of dexamethasone for the
treatment of bronchopulmonary dysplasia. Five babies were studied in detail with blood samples
taken for cortisol concentrations at 30 minute intervals for four hours. The tests were performed
before, during, and after treatment with dexamethasone. A distinctive pattern of cortisol
response to tetracosactrin was found among these babies, which was quite unlike that found in
older children and adults. Using our pretreatment results as control data we conclude that there
is undoubtedly evidence of modest suppression of the adrenal axis during dexamethosone treat-
ment, although there is considerable recovery one month after stopping steroids. Basal cortisol
concentrations, however, remained low in some cases, which may indicate the need for tempor-
ary corticosteroid replacement during severe illness.

Corticosteroids are being used increasingly for the
treatment of bronchopulmonary dysplasia in preterm
babies. If the British multicentre trial now underway
reports favourably on the effectiveness of steroids in
this condition, their use will undoubtedly increase
further. We have already observed that a course of
dexamethasone, in the dose of 0-6 mg/kg/day, can
bring about a dramatic improvement in lung func-
tion and subsequent reduction in ventilatory
requirements in many babies with bronchopul-
monary dysplasia. Some cases, however, seem to
relapse at the end of the one week course of
dexamethasone usually prescribed. In an attempt to
prevent relapse we have extended the course to
three weeks, tapering the dose progressively after
the first week. As the literature contains little, if
any, information on the effect of steroids on the
adrenal gland of very low birthweight babies, we
have undertaken to perform a series of tetracosac-
trin stimulation tests on 22 babies (five studied in
detail) whom we have treated with steroids during
the past 18 months.

Patients and methods

The investigation was performed on 22 very low

birthweight babies admitted to the regional neonatal
unit at St James's University Hospital, Leeds. None
of their mothers had received steroids during pre-
gnancy. All the babies required ventilation from
birth for respiratory distress syndrome and had
developed bronchopulmonary dysplasia of sufficient
severity to prevent them from coming off ventilatory
support. Each baby was given a full three week
course of dexamethasone: 0-6 mg/kg/day for the first
week, half of this dose in the second week, and a
quarter of it in the third week.

Tetracosactrin stimulation tests were performed
on day 0, just before dexamethasone was started, at
the end of week 1 and at the end of the three week
course. If babies were still in the unit one month
after steroid treatment finished (that is, week 7), a
further test was performed. All tests were per-
formed at 9 am. Adrenal stimulation was produced
by intramuscular injection of 125 ,ug of tetracosac-
trin (Synacthen, Ciba). In 17 babies, a standard test
was performed, with blood samples taken immedi-
ately before, and 30 minutes after, tetracosactrin.
Almost all samples were obtained from indwelling
arterial lines but if this access was unavailable when
a sample was needed, capillary blood was used.

In five babies, who had indwelling arterial lines on
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each occasion a test was due, we performed a pro- each case. The study was approved by the hospital

longed test, with samples taken at 30 minute inter- clinical research (ethics) committee.

vals for four hours. Plasma was extracted and stored at 4°C. All

Fully informed parental consent was obtained in samples were analysed within 48 hours. Plasma

Table 1 Clinical data and plasma cortisol concentration at 0 and 30 minutes in babies studied with conventional
tetracosactrin test (n=17)

Case Gestation Weight Age Cortisol concentration (nmolll)
No (weeks) (g) steroid

started Day 0 Week I Week 3 Week 7

(days) 0 Min 30 Min 0 Min 30 Min 0 Min 30 Mist 0 Min 30 Mii,
1 27 750 21 378 899 59 571 60 630 175 852
2 25 630 21 148 923 74 612 163 886 2 477
3 30 1150 13 150 501 136 413 110 471 68 341
4 26 895 70 85 786 15 246 18 640 13 802
5 30 1236 28 55 398 18 128 53 270 76 601
6 30 955 28 188 373 69 281 59 331 - -

7 26 875 32 309 551 127 512 53 531 - -

8 30 1300 16 183 771 152 590 37 347 125 721
9 27 1120 10 204 746 162 622 312 623 - -

10 26 815 35 198 445 58 324 37 238 -
11 26 979 25 209 768 110 620 249 830 - -

12 26 849 14 242 1048 57 846 67 626 83 675
13 27 673 21 272 482 84 528 86 490 - -

14 32 1500 34 455 850 40 203 12 603 - -

15 28 1378 16 125 705 57 548 75 865 92 837
16 28 1070 46 138 577 104 325 - - - -

17 25 835 17 217 674 163 782 - -

Table 2 Clinical data and cortisol concentrations in the five babies studied with an extended tetracosactrin test

Case Gestation Weight Age Stage Cortisol concentration (nmolll)
No (weeks) (g) steroid

started 0 30 60 90 120 150 180 210 240
(days) (min)

18 26 1202 19 Day 0 580 920 1240 1480 1830 - - - -

Week 1 411 552 723 945 1044 1230 1392
Week 3 35 419 580 641 782 832 769 592 518
Week 7 16 479 840 1147 1193 954 729 495 334

19 26 976 23 Day 0 399 848 1290 1254 1620 1926 1956 2220 2322
Week 1 37 476 867 1054 1217 1117 1276 1218 1153
Week 3 47 356 582 786 847 861 978 912 821
Week 7 98 397 577 880 923 869 632 527 420

20 26 1120 19 Day 0 275 515 658 767 914 1087 1145 1090 1276
Week 1 79 451 593 685 728 902 1033 1090 1249
Week 3 49 328 438 489 516 620 631 652 597
Week 7 74 487 718 1011 1316 1105 806 544 823

21 29 860 16 DayO 280 755 941 1199 1178 1338 1411 1793 1684
Week 1 38 408 534 645 721 738 832 808 728
Week 3 26 327 555 586 769 797 735 884 802
Week 7 77 857 1130 1400 1510 1376 1237 934 815

22 27 1059 13 Day 0 172 844 1338 1321 1616 1874 2040 2172 224(0
Week 1 38 567 808 970 1057 1180 1314 - 1361
Week 3 135 777 934 1105 1381 1414 1542 1562 1506
Week 7 626 1276 2142 2364 2304 2343 2571 2247 2184
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cortisol was measured in duplicate using a fluore-
scence polarisation immunoassay technique with the
Abbott diagnostic TDx analyser. Cross reactivity
with endogenous steroids was: corticosterone 4-5%
and cortisone 1-1%, and with synthetic steroids:
prednisolone 23-8%, prednisone 0-4%, and dexa-
methasone 0-6%.

P.aired t tests and simple regression were used for
statistical analysis where appropriate.

Results

The clinical data and the results of the tetracosactrin
test at various stages are summarised in tables 1 and
2. Table 1 concerns the 17 babies who had a stan-
dard test and table 2 those who had the extended
test. Data is missing as follows: one patient in the
extended study group did not have his cortisol con-
centration monitored for the full four hours as we
were not initially aware of the prolonged nature of
the response; two patients returned to their refer-
ring hospitals before the course of dexamethasone
was completed and so missed both the week 3 and
the final tetracosactrin test, and six others went
home before the last test was due; two patients died,
one before the final test was performed.

Fig 1 shows the mean plasma cortisol responses of
the five babies studied in detail, at the four different
stages in relation to dexamethasone treatment. On
day 0, the cortisol concentration rose steeply and
was still rising at four hours. The cortisol responses
on weeks 1 and 3 were diminished in magnitude in
proportion to the duration of dexamethasone treat-
ment and the curves showed signs of becoming
asymptotic after about 120 minutes. One month
after stopping steroid treatment the cortisol
responses consistently peaked at 120 minutes and
then declined rapidly.
These different patterns of response make it diffi-

cult to fix on an ideal time after tetracosactrin stimu-
lation at which to measure the cortisol concentra-
tion. Because we felt that the concentration at 120
minutes was probably the most informative, we
were interested to see how the cortisol at this time
correlated with the conventional 30 minute and 60
minute concentrations. Simple regression analysis
was used to examine the correlation. Both the 30
minute (n=20) (fig 2) and 60 minute (n=20) cortisol
concentrations, at the four stages of treatment, cor-
related well with the corresponding 120 minute con-
centration (n=20); the correlation coefficients (r
values) were 0-94 and 0-95 respectively
(p<0-OOOOl). The correlation between 30 and 60
minutes was also excellent (r=0-96, p<000001).
When the cortisol concentrations before

dexamethasone treatment (day 0) were compared

with later concentrations in the same baby, we
found that after one and three weeks of dexametha-
sone the cortisol concentration at all sampling times,
up to 180 minutes, was significantly lower than
before dexamethasone treatment was started
(p<0.035, paired t test). In general, the results in
the week 3 test showed a greater suppression than in
week 1. By contrast, all week 7 results were not sig-
nificantly different from control (p>0.08, paired t
test).

Paired t tests were also used to compare the incre-
ment in cortisol concentration (that is, the increase
above prestimulation concentration) between the
test before dexamethasone and later tests. Signifi-
cance differences were found on very few
occasions-at 90, 120, 150, 180, 210, and 240
minutes in week 3 (p<0-03); at 30 minutes in week 1
(p<0-05), and at 90 minutes in week 7 (p<0O05).
When the basal cortisol values of all babies were

pooled and compared at various times in relation to
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Fig 1 Mean plasma cortisol concentrations offive babies
studied by the extended tetracosactrin test atfour stages in
relation to dexamethasone treatment.
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Fig 2 Correlation between cortisol concentrations at 30
and 120 minutes.

dexamethasone treatment, they were seen to fall
from a mean of 239 nmol/l before treatment to 95
and 84 nmol/l, after one and three weeks of
dexamethasone respectively (p<0001). There was a

difference between the mean pretreatment basal
concentration of 239 nmol/l and the mean basal con-
centration of 117 nmolI one month after the end of
treatment, but this was not significant (p=008).
The correlation between the dose of tetracosac-

trin, expressed per kg body weight, and both the 30
minute and incremental cortisol response before
dexamethasone treatment was examined. Correla-
tion coefficients of 0-06 and 0-11 respectively were
obtained (p=0.78 and 0-63).

Correlations were also performed between 30
minute cortisol concentration and both gestational
age and postconceptional age. The coefficients were
-0-29 and -0-32 respectively (p=020 and 0.16).
The correlation coefficients between the incremen-
tal response, and gestational and postconceptional
age were -0-26 and -0-25 respectively (p=027 and
0-29).

Discussion

Suppression of adrenal gland responsiveness is one

of the most serious side effects of steroid treatment,
and a case of adrenal insufficiency has been reported
in a neonate whose mother had received long term
steroid treatment during pregnancy.1 As
dexamethasone is now being prescribed for the
treatment of bronchopulmonary dysplasia, an
understanding of its effect on adrenal responsive-
ness in very low birthweight babies is important. A
literature search shows that information on adrenal
function in this group of patients is scanty and at
times confusing. The main source of confusion is the
variable methodology used for performing tetraco-
sactrin stimulation tests, both in terms of the size of
the tetracosactrin dose and the timing of the blood
sample taken after stimulation.2-9 As a result there
is in our opinion no reliable reference range against
which to assess the adequacy of the adrenal response
of very low birthweight babies. We chose to standar-
dise on 125 [ig of tetracosactrin, which is a large
weight related dose for our smallest babies, in order
to produce maximum stimulation of the adrenal
gland. This was to avoid overdiagnosing adrenal
suppression, which we felt was a risk in view of the
paucity of knowledge about the adrenal response in
such immature babies as were included in our study.
In fact, our results showed no significant correlation
between the dose of tetracosactrin/kg body weight
and either the 30 minute cortisol concentration or
increment.
We have sought to overcome some of the difficul-

ties of interpretation of the test by studying a small
number of babies in detail, so as to delineate the
cortisol response more thoroughly. Also by per-
forming tetracosactrin tests immediately before
starting dexamethasone, we aimed to provide a
reference point against which later responses might
be judged.

In the extended study group we observed a prog-
ressive change in the shape of the response curves
(fig 1), and several explanations can be offered. One
possibility is that there was no effect of dexametha-
sone and we simply observed the normal maturatio-
nal changes of the adrenal gland during late fetal
and early neonatal life. To examine this in more
detail we looked for a correlation between adrenal
response and both gestational and postconceptional
age before dexamethasone treatment. The fact that
there was no significant correlation between either
gestational or postconceptional age and any aspect
of cortisol response suggests that maturational
changes during this period are not the explanation
for the observed changes in response. Another
explanation, which is more plausible and could be
contributory, is that the change in response might be
stress related, as many of the babies were becoming
progressively less ill as time went by. In this respect
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it is interesting to note that the sickest baby in the
study (table 2, case 22), who did not respond to
dexamethasone and who died of bronchopulmonary
dysplasia, had the greatest cortisol response to tetra-
cosactrin at weeks 3 and 7. The most important fac-
tor in our view, however, is the effect of dexametha-
sone on the hypothalamic-pituitary-adrenal axis,
with partial recovery after a month without steroids.
Although in most reports either the 30 or 60

minute concentrations are considered suitable end
points for the tetracosactrin test,2-5 7-9 we suspect
from our data that they do not represent the most
appropriate times to use in this age group. Results
from our extended study indicate that concentra-
tions at these times do not represent peak concen-
trations. We suggest that the 120 minute concentra-
tion might represent the best compromise in this
group of patients. This is because at week 7 the cor-
tisol concentration consistently peaked at this time,
and at the earlier stages (that is, weeks 1 and 3) it
was very close to its asymptote. At week 0, although
far from the peak, the 120 minute concentration at
least allows time for a substantial rise in plasma cor-
tisol to occur. It was reassuring to us, and should be
to other investigators, to find that the often used 30
and 60 minute concentrations correlate very well
with that found at 120 minutes (fig 2).
The fall in basal cortisol concentration after one

and three weeks of dexamethasone was most likely
due to suppression of the hypothalamic-pituitary
higher centres by dexamethasone. The mean basal
concentration four weeks after stopping dex-
amethasone was also lower than it was before
starting dexamethasone, although not significantly
so. As there was no lessening of the response after
tetracosactrin stimulation at week 7, this observa-
tion raises the possibility of a more severe and pro-
longed effect of steroid treatment on higher centres.

Tetracosactrin stimulation tests are conventio-
nally evaluated by comparison with reference ranges
for representative populations. Commonly advo-
cated criteria for a satisfactory response in children
are an increment of >200 nmol/I or a 30 minute
value of >500 nmol/l.10 By the first of these criteria
one of our 22 patients would be judged under-
responsive before dexamethasone, three of them
after one week's treatment, and none after three
and seven weeks. By the standard of a 30 minutes
concentration >500 nmol/l, four out of 22 would be
judged under-responsive before dexamethasone, 10
out of 22 after one week's treatment, 10 out of 20
after three weeks' treatment, and five out of 13 at
week 7. As it is unlikely, from our extended data,
that any of our babies had reached their peak corti-
sol concentrations at the time of the 30 minute sam-
pling, our data probably overestimate the incidence

of under-responsiveness as judged by the criterion
of the 30 minute peak concentration. In fact the data
from the extended study group show that none of
these five cases had a response which failed to fulfil
either of the above criteria at any stage.
When comparisons of incremental response were

made using the pretreatment concentration (day 0)
as control, the response was significantly reduced
only at week 3. By contrast, the absolute cortisol
concentrations in week 1 and 3 were significantly
lower than on day 0 at all times after stimulation. At
week 7, neither the increments nor the absolute con-
centrations were significantly different from those
before treatment. Interpretation of results is
undoubtedly complicated by the lack of universal
agreement on which of the three pieces of informa-
tion obtained from the tetracosactrin test-the basal
cortisol, the peak cortisol, or the increment-is the
best measure of adrenocortical responsiveness.1'
One of the problems is the extent to which the three
measures are interdependent. It seems clear,
however, that in our babies some degree of adrenal
suppression had taken place after one week of treat-
ment and appeared to be most severe at the end of
the three week course. One month after stopping
steroids the adrenal gland was probably responding
within normal limits. Throughhout the treatment
and recovery period none of the babies showed any
signs of clinical or biochemical adrenal insufficiency.
We conclude that a course of dexamethasone as

described in this study is relatively safe in terms of
adrenal suppression and, at first glance, it would
seem unnecessary to give steroid replacement at
times of stress. The low basal cortisol concentrations
found in some patients four weeks after stopping
steroids, however, suggest that there may still be a
degree of suppression of the hypothalamic and pitui-
tary higher centres, which could indicate the need
for steroid or adrenocorticotrophic hormone treat-
ment during severe illness.
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